Molecular basis of eye lens transparency. Osmotic pressure and X-ray analysis of alpha-crystallin solutions.
Short range, liquid-like order of the crystallin proteins accounts for eye lens transparency. The relationship between structural and thermodynamic properties of eye lens was further investigated using osmotic pressure and small-angle X-ray scattering measurements of calf lens alpha-crystallins. The consistency of both data sets confirms that the macroscopic thermodynamic properties are determined by the structural properties accessible to X-ray scattering. In addition, the experimental data were correctly accounted for using a model developed in liquid-state physics: the rescaled mean spherical approximation combined with a Verwey-Overbeek potential. This model provides as best fit parameters the excluded volume, the charge and the diameter of an "equivalent" particle that compare well with the corresponding values found in the literature for alpha-crystallins. As a result, transparency may now be expressed as a function of a few structural parameters, the role of which is discussed. The approach presented here may be extended to studies of the thermodynamic-structural relationships of other protein solutions.